CODY "-o«, 
` RM ADSL 


RESEARCH MEMORANDUM 


EFFECTS OF OPERATING PROPELLERS ON THE WING-SURFACE 
PRESSURES OF A FOUR-ENGINE TRACTOR AIRPLANE CON- 
FIGURATION HAVING A WING WITH 40° OF SWEEPBACK 
By Carl D. Kolbe and Frederick W. Boltz 


Ames Aeronautical Laboratory 
Moffett Field, Calif. 


LIBRARY COPY 


APR ?8 1954 


CLASSIFICATION CANCELLED 


mcg Kes. ddd... - pate [29 [LS 477 
ü "RN TA. em v LANGLEY AERONAUTICAL LABORATORY 
By эн ë 1/46 1-56 AM | ——— LANGLEY FIELD VIRGINIA 


ЖЕР wm p eee eee p өші? s — em ee ee ee F m um 


CLASSIFIED DOCUMENT 


This material contains information affecting the National Defense of the United States wt within the masaning 
са espionage laws, Title 18, U.H.C., Secs, ТӨЗ and 754, the trana trunamiasion or revelation of which in any 
F to an an unsuthorized pargon is prohihited by law. 


NATIONAL ADVISORY COMMITTEE 
FOR AERONAUTICS 


WASHINGTON 
April 23, 1954 


CONFIDENTIAL- 


NACA RM A53129  . | рери тт * 


NATIONAL ADVISORY COMMITTEE FOR AERONAUTICS 
RESEARCH MEMORANDUM 


EFFECTS OF OPERATING PROPELLERS ON THE WING-SURFACE 
PRESSURES OF A FOUR-ENGINE TRACTOR AIRPLANE CON- 
FIGURATION HAVING A WING WITH ho? OF SWEEPBACK 


By Carl D. Kolbe and Frederick W. Boltz 
SUMMARY 


An investigation has been made to evaluate the effects of operating 
propellers and of nacelles on the wing-surface pressures on a semispan 
model of а four-engine tractor airplane configuration having a wing A 
with 40° of sweepback and an aspect ratio of 10. The model represented 
the right-hand side of the airplane and had single-rot&tion right-hand 
propellers. The tests were conducted at Reynolds numbers of 4,000,000 - 
and 8,000,000 at low speed and at Reynolds numbers of 1,000,000 and 
2,000,000 for Mach numbers from 0.60 to 0.90. 


At high thrust coefficients and a Mach number of 0.082, the pro- 
peller slipstream caused large changes in the spanwise distribution of 
loading over the region of the wing immersed in the propeller slip- 
stream. The strong rotational components within the slipstream were 
responsible for inflections in the spanwise distribution of loading, 
there being large increases with increasing thrust coefficient in the 
normal force of those wing stations behind the up-going propeller 
blades with relatively small changes for sections behind the down-going. 
blades. Consequently, the center of pressure moved inward with increas- 
ing thrust coefficient. At high subsonic Mach numbers, the over-all 
effects of operating propellers were not large when compared with the 
low-speed case. 


The section data indicate that for most subsonic Mach numbers the 
addition of the nacelles (propellers removed) caused an increase in the 
norm&l-force curve slopes and an increase in the angle of attack for 
zero section lift. 
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INTRODUCTION 


The aerodynamic problems associated with long-range airplanes 
designed to fly at high subsonic speeds have been the subject of a series 
of investigations in the Ames 12-foot pressure wind tunnel. These inves- 
tigations (refs. 1 to 8) have dealt with the aeradynamic characteristics 
of several combinations of the components of a hypothetical airplane con- 
figuration with & sweptback wing, including the effects of operating pro- 
pellers on the longitudinal characteristics (refs. 7 and 8). Measurements 
of the distribution of pressure over the wing have been included in these 
studies to provide loads data and to facilitate an understanding of the 
local flow phenomena on the wing.  Pressure-distribution data for the 
wing without nacelles have been presented and analyzed in reference 3. 


The present report is concerned with the effects on the wing-surface 
pressures of operating propellers, as weli as the effects of adding 
nacelles and an extended split flap. The results of préssure-distribution 
measurements at nine semispan stations of the wing are presented and ana~ 
lyzed in the present report. 


NOTATION 
8 mean-line designation, fraction of chord over which the design -- 
load is uniform | 
> wing. semispan, perpendicular to the plane of symmetry 
p! propeller-blade width m 
Cr. lift coefficient, P 


ACT, change in lift coefficient 


ACT, change in lift coefficient attributable to the propeller slip- 
stream (based on the total lift of the model with propellers 
operating less the lift component of the direct propeller force) 


Cm pitching-moment coefficient about quarter point of the mean aero- 
dynamic chord, pitching moment moment 


(See fig. 1(а).) ape 
ACm change in pitching-moment coefficient 


ACms change in pitching-moment coefficient attributable to the pro- 
peller slipstream (based on the total pitching moment of the 
model with propellers operating less the pitching moment due 
to the direct propeller force) 


Cx longitudinal-force coefficient, parallel to free-stream direction 
and positive in the dragwise direction, Longitudinal force 


qs 
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с local wing chord, parallel to plane of symmetry 

е? local wing chord, perpendicular to the reference sweep line 
Cay average wing chord, parallel to the plane of symmetry, = 
== P f2 с2ау 

с méan aerodynamic chord, . 


C14 wing-section design lift coefficient 


Cm section pitching-moment coefficient, си (0.25 - c.p.) 
Ch section normal-force coefficient, section normal force 
qe 


Acng change in section normal-force coefficient attributable to the 
propeller slipstream 


с.р. section center of pressure 


D propeller diameter 

h maximum thickness of propeller-blade section 
J propeller advance ratio, L 

M free-stream Mach number 

n propeller rotational speed 

Р pressure coefficient, EE 

р; local static pressure 

p free-stream static pressure 

q free-stream dynamic pressure 

R Reynolds number, based on the wing mean aerodynamic chord 
В! propeller-tip radius 

r propeller-blade-section radius 

8 area, of semispan wing 

T thrust per propeller, parallel to air stream 
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Te thrust coefficient per propeller, TT 

t section maximum thickness 2 
V free-stream velocity 

y lateral distence from the plane of symmetry 

α angle of attack of the wing chord at the plane of symmetry 


(referred to herein as the wing-root chord) 


Ou angle of attack of the wing-root chord at the plane of symmetry, 
uncorrected for tunnel-wall interference and angle-of-attack 
counter correction 


β propeller-blade angle, measuréd at 0.70 of the tip radius 
В" propeller-blade-section angle 
Š flap angle, measured relative to the local chord. in planes normal 
to the reference sweep line -. 
Фф angle of twist, measured in planes parallel to the репе of | 
symmetry, positive for washin ες 
1 fraction of semispan, су 
"c.p. spanwise location of the center of pressure, fraction of semispan 
p &ir density 


MODEL 


The semispan model represented the right-hand side of & hypothetical 
airplane. The geometry of the model is given in figure 1 and table I. 
The selection of the geometric properties and the details of the con- 
struction of the wing, fuselage, upper-surface fences, nacelles, and 
flaps have been discussed in references 1 through 4. Four upper-surface 
wing fences, ав shown in flgure 1(с), were used throughout the present 
investigation. 


The wing was equipped with nine rows of pressure orifices on both 
the upper and lower surfaces (fig. 1(с)). The orifices were distributed 
along the chord from the leading edge to the 95-percent-chord point and 
were staggered one-eighth inch on either side of the station planes. 
There were no orifices in the extended trailing~edge flap. 


gO лү 
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Each propeller in the two different sets used in this investigation 
had three blades and right-hand rotation. The propellers used for the 
tests at high subsonic Mach numbers (M = 0.60 and above) were the 
МАСА 1.167-(0)(03)-058 supersonic propellers. For the tests at low sub- 
вопіс Mach numbers, a thicker propeller, the NACA 1.167-(0)(05)-058, was 
used to withstand the very high blade loadings that accompany low-speed, 
high-density, wind-tunnel operation. The characteristics of these pro- 
ре11егв and details of the motor-gearbox combination used to drive them 
are given in reference 6. Blade-form curves of the propellers are pre- 
sented in figure 2 of this report. 


Figure 3 is & photograph of the model mounted in the wind tunnel. 
The turntable upon which the model was mounted is directly connected to 
the force-measuring apperatus. 


TESTS 


The pressure-distribution date presented in this report were 
obtained simultaneously with the wind-tunnel balance measurements of the 
total lift, longitudinal force, and pitching moment on the model. Tests 
were made with the propellers operating and with the propellers removed, 
covering the range of conditions indicated in table IT. 


With the propellers operating, the Mach number, Reynolds number, 
and angle of attack were maintained constant while data were obtained at 
several selected thrust coefficients, То. Selection of the propeller 
rotational speeds to provide these thrust coefficients was based upon a 
previous propeller calibration in which the thrust characteristics of 
the propeller in the presence of the spinner and nacelle forebody were 
measured for the range of test conditions covered in tests of the com- 
plete model (see ref. 6). The results of the calibrations of the two 
different propellers that are pertinent to this report are presented in 
figures and 5. 


CORRECTIONS 


The dynamic pressure, Mach number, and pressure coefficients have 
been corrected for constriction effects due to the presence of the 
tunnel walls by the method of reference 9. The force data have been 
corrected for tunnel-well-interference effects originating from Lift on 
the model and for drag tares caused by aerodynamic forces on the exposed 
portion of the turntable on which the model was mounted. The correc- 
tions that were applied to data obtained with propellers operating were 
the same as those reported in references 7 and 8. The corrections used 
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for the configuration with propellers removed are given in references 2 
and. 5. 


The pressure data and the coefficients derived therefrom are pre- 
sented in this report for values of uncorrected angle of attack ay). 
The relation between the corrected and uncorrected angle of attack is as 
follows: 


a = 0.99 aq + δα 


The constant 0.99 is the ratio between the geometric angle of attack and 
the uncorrected reading of the angle-of-attack counter. The correction 
for the tunnel-wall interference is An, and is defined as follows: 


δα = 0.377 “lying 


where 
CLying = CLtotal” ACEP 


and ACT Dp is the increment of lift coefficient due to propeller thrust 
and propeller normal force (obtained during the tests reported in ref. 6). 


RESULTS AND DISCUSSION 


The results of this investigation include а considerable amount of 
data obtained with the propellers removed, many of which serve as a base 
for comparison with comparable data obtained with propellers operating. 
It 18 convenient, therefore, to defer discussion of the effects of oper- 
ating propellers until the propellers-off data have been presented and 
discussed. The latter data include the effects of nacelles and of an 
extended trailing-edge flap on both the local wing ргезёцгев and on the 
coefficients of lift, drag, and pitching moment. 


Tabulated pressure data for nine spanwise stations of the wing (with 
and without operating propellers) are presented in tables III through XIX. 
Table II is an index to these data. | | | 


A portion of the lift, longitudinal-force, апа pitching-moment d&ta 
at Mach numbers of 0.86 and 0.90 were faired with dotted curves to indi- 
cate data obtained under conditions in which the wind tunnel may have 
been partially choked. It is to be understood that the corresponding 
pressure data fall within the same limitations of reliability. 


ре 


NACA RM A53I29 = yw T 


Effects of Nacelles (Propellers Off) 


Low speed.- The chordwise distributions of pressure coefficient in 
the region of the nacelles for a Mach number of 0.165 and a Reynolds 
number of 8,000,000 are compared with those of the wing-fuselage con- 
figuration (ref. 3) in figure б. The corresponding coefficients of 
section normal force and section pitching moment, and of the total lift, 
longitudinal force, and pitching moment are presented in figure f. The 
data in figure 6 indicate an increase in velocity over the lower surface 
of those stations in the vicinity of the nacelles. This increase in 
velocity became smaller with increasing angle of attack. As can be 
seen in figure T, these velocity changes contributed to a reduction in 
the section loading for low angles of attack, an increase in the slopes 
of the lift and section normal-force curves, and an increase in the 
angle of attack for zero section lift. References 10 through 12 indicate 
the same effects for similar configurations. Data obtainable from 
table XV indicate that this effect diminished toward the wing tip. 
Further inspection of figure 6 reveals that, with the addition of nacelles 
to the wing, flow separation occurred on the upper surface at a lower 
angle of attack, with the attendant decrease in lift-curve slope and 
increase in drag (fig. T). 


The effect of the nacelles on the spanwise distribution of loading 
coefficient is shown in figure 8. The general nature of the inflection 
in the spanwise distribution of loading due to the nacelles is discern- 
ible; however, lack of pressure data over the nacelles prevents an 
accurate estimate of the changes in the location of the spanwise center 
of pressure. It is apparent, though, that such changes were small. 


High speed.- The effects of the nacelles on the over-all force 
characteristics and section characteristics for Mach numbers ranging 
from 0.60 to 0.90 and a constant Reynolds number of 2,000,000 are shown 
in figures 9 through 12, respectively. Cognizance should be taken of 
the difference in Reynolds number between this and the preceding section. 
It was noted in reference 3 that for a Mach number of 0.25 the effect 
of this same change in Reynolds number was not large. A cross plot of 
the section normal-force data from these figures is presented in 
figure 13 as а function of Mach number. 


In general, the effects of the addition of the nacelles for a Mach 
number of 0.60 were similar to those at low speed. The effects of 
increasing Mach number, however, were to reduce slightly the effect of 
the nacelles on both the section normal-force curve slopes and the angle 
of attack for zero lift. 
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Effects of Flaps 


The effects of an extended trailing-edge flap (δ = 30°) on the 
over-all force characteristics and on the section characteristics of 
the wing-fuselage-nacelles combination at a Mach number of 0.082 and a 
Reynolds number of 4,000,000 are shown in figure 1%. Since no pressure 
measurements were made over the flap itself, estimates of the chordwise 
pressure distributions, similer to those shown in figure 15, were used 
to obtain the section coefficients. The effects of the flaps on the 
spanwise distribution of loading are shown in figure 16. It is evident 
that the flaps not only caused large increases in normal forces at those 
sections within the flap span (η = 0.07 to η = 0.46) but also caused 
substantial increases in loading over the outer portion of the wing. 
The center of pressure obviously moved inward а considerable distance 
when the flaps were deflected (fig. 16). Reference to figure l(c) 
reveals that there was a large rearward movement of the section center of 
pressure in the region of the flaps. These changes had little effect on 
the wing pitching moments (fig. 14(a)). 


Effects of Operating Propellers 


Low speed.- The effects of operating propellers on the chordwise 
distribution of pressure coefficient in the region of the nacelles ata 
Mach number of 0.082 and a Reynolds number of 4,000,000 are shown in 
figure 17. The corresponding over-all force ëbaracterietichi and sec- 
tion characteristics are shown in figure 18. Inspectlon of the data in 
figure 17 reveals that at the highest thrust coefficients (Τε = 0.8) 
the pressure distributions changed radically from those which existed 
with the propellers operating at Te = О or with the propellers 
removed. Furthermore, increasing Та also caused large changes in the 
stagnation pressure at the leading edge. Figure 18(b) shows that the 
propeller slipstreams caused large changes in the section normal-force 
coefficients and that those changes were not symmetrical over the 
portion of the wing immersed in the slipstreams as would be expected 
from simple axial-momentum theory. The asymmetrical effects of the 
operating propellers are further illustrated in figure 19 wherein the 
change in section normal-force coefficient due to propellers, Аср; is 
shown ав a function of Те. It may be seen that there were large 
increases in Acng with increasing То at wing stations behind the 
up-going propeller blades (stations т = 0.19 and η = 0.11) at all 
angles of attack from 4° to 16°. At wing stations behind the down-going 
1cognizance should be taken of the fact that the total force and moment 

data in this and later similar figures include the effectg of the pro- 
peller thrust and propeller normal force as well as the effects of the 
ropeller slipstream. (See refs. 7 and 8. 
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propeller blades (т = 0.31 and т = 0.56), Acng decreased with increas- 
ing То at angles of attack below about 89 and increased only slightly 
with increasing Ты at higher angles of attack. These effects are 
indicative of the strong rotational components within the slipstream 
which change the effective angle of attack of the wing sections immersed 
in the propeller slipstrean. 


Figure 20 shows the effect of operating propellers on the spanwise 
distribution of the loading coefficient cn 2—— for several angles of 


&tt&ck. The pronounced distortion of the spanwise distribution of load 
associated with increasing Т. is apparent. Тһе effect of propeller 
operation on the spanwise center of pressure тп. р. is shown in fig- 
ure 21. These data were obtained by integrating the loading data pre- 
sented in figure 20, utilizing a straight-line fairing between the data 
points adjacent to the nacelles. The center of pressure moved inward 
with increasing Ta, the amount decreasing as the angle of attack was 
increased to 129, 


Figure 22 shows the importance of these aforementioned pressure- 
distribution changes with regard to the changes in the total lift and 
pitching-moment coefficients attributable to the operating propellers. 
It сап be seen that the lift due to the propeller slipstream (ACz,) 
accounted for about 60 percent of the total change in lift with varying 
angie of attack; whereas the slipstream contribution to the change in 
pitching moment (ACm,) was apparently unaffected by increasing angle of 
attack. 


High speed.- The effects of the operating propellers on the over-all 
force characteristics and section characteristics for Mach numbers from 
0.70 to 0.90 for а constant-Reynolds number of 1,000,000 are presented 
in figures 23 to 26. It is evident from the data in these figures that 
the effects of the operating propellers were not large compared to the 
propeller effects for the low-speed case. , This is a consequence of the 
fact that the thrust coefficient is decreased considerably for the 
same power input. 


The effects of increasing Т. on the chordwise distribution of 
pressure in the region of the nacelles are shown in figure 27 for a Mach 
number of 0.80. At the higher angles of attack, the apparent increase 
in pressure recovery for those stations between the nacelles might have 
been due to an increase in stagnation pressure caused by the operating 
propellers. 


As indicated in figure 28, the effects of slipstream rotation at a 
Mach number of 0.80 on the spanwise distribution of loading were much 
less pronounced than in the previously cited low-speed case due to the 
lower values of thrust coefficient. 


Qi sa: 
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CONCLUDING REMARKS 


Measurements of the surface pressures and forces on & semispan 
model of a wing-fuselage-nacelles combination representing the right-hand 
side of a hypothetical four-engine airplane have been presented. The 
effects of single-rotation right-hand propellers, of nacelles, and of 
extended Grete Sees тара on the ἘΠ 5 ΕΕ have been 
discussed. "S : 


At high thrust coefficients and a Mach number of 0.082, the pro- 
peller slipstream caused large changes in the spanwise distribution of 
leading over the region of the wing immersed in the propeller slipstream. 
The strong rotetional components within the slipstream were responsible 
for inflections in the spanwise distribution of loading, there being 
large increases with thrust coefficient in the normal force of wing 
sections behind the up-going propeller blades with relatively small 
changes for sections behind the down-going blades. As a result, the 
center of pressure moved inward with increasing thrust coefficient. 


At high subsonic Mach numbers, the over-all effects of operating 
propellers were not large when compared with the low-speed case for the 
same power input; this is в direct consequence of the large reductions in 
thrust coefficient with increases in free-stream velocity. 


The addition of the nacelles to the plain wing (propellers removed) 
increased the velocity over the lower surface at those stations in the 
vicinity of the nacelles. These velocity changes contributed to an 
increase in the slopes of the lift and normal-force curves and a general 
increase in the angle of attack for zero lift. 


Deflection of extended trailing-edge flaps (5 = 30°) over the inner 
h6 percent of the wing semispan (propellers removed) produced substantial 
gains in section lift over the complete semispan. The wing pitching 
moments were little affected by the flap deflection. 
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TABLE І.- GEOMETRIC PROPERTIES OF THE MODEL 


Wing 


Reference sweepline: locus of the quarter chords of sections 
inclined 40° to the plane of symmetry 


Aspect ratio . . . + ο < ο ο 
Taper ratio ........ š š 
Sweepback . . . « « + s è ο ὃν er «Ὁ, i. tas жож. йй ee Жуз ж. W а 409 
Қызы box» ба 3» ex ὁ ἡ е ὦ ы cub del A.U de о” 
Reference sections (normal to reference gweepline) 

Root è s + + c + + < © + NACA 0013, a = 0.8 (modified), Cz, = O. 

Tip os ^". . NACA 0011, a = 0.8 (modified), Cz, = O 
Area, (semispan model). ыы EO a W Ὁ Ὁ CS VO PES 


—— к ὦ. a OE 


а ^ е . 
Ф 
“ 
е 


БӘСЕ Chord. x оа таа о о 19 X X ғасы жой ecu) & ыле ОВ 
DID chord ая океан ode cde νο αυ 
Mean aerodynamic chord . . . . e +s + + x ο a сы Û dams EC 
Flaps, extended Trom the trailing edge » « - + «© e < < « « 0.20 c'! 


о 
ОУ 
8 
H 
13 


Area ° е * * * | + т € a ° Ф € * 
Incidence, measured in the plane of symmetry —— E. 
Fences are located at т = 0.33, 0.50, 0.70, and 


Nacelles 


Frontal area (each) ....... E ος, ο ον CIES us As 
Inclination (with respect to ging scat chord) | 

Inboard: one ыл 4 е лы LE S Fae 35 асасы ее бк ουσ. 
Girt bard ο ο асы de^ кс eux Wok ἄνα. e T OO 


Propellers 


Diameter e . 8 » e a a 4 e e а 4 e Ф “ .,. e Ф e е а e e “ 1.167 Tt 


Number of blades =s a » 2 е . ο = 5 « . © © © © ο o ο ο 
Propeller-activity Packer (рег blade) колоть В. 
Solidity (per blade) . a: ar P ee ы Ec a eR «ж EO 
Blade sections 2.4... 5. κ Bvumébribal NACA 16-series 


Propeller-blade thickneBBechond ratio (0.10 radius) 
For low speed tests. q ef а ге ọ q е а 4 e е а е o ù е а ο ο О .05 
Testa at М = 0.60 and above .............. 0.03 


ІР. 
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TABLE I.- GEOMETRIC PROPERTIES OF THE MODEL - Concluded 


16 * 


Fuselage 


Fineness ratio . . « « . . < . 
Frontal area (semispan model) 
Fuselage coordinates: 


Distance from Radius, 
in. 


SANPHRS S888 ERGY E 


О 
1 
1 
2 
3 
h 
4 
2 
2 
5 
2 
h 
li 
h 
Ц 
3s 
3 
О 
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TABLE II.- INDEX OF TABULATED PRESSURE COEFFICIENTS 


SEES [ы ИС 


Wing-fuselage-nacelles 


Wing-fuselage 


оооооооо 


h 
i 
1 
8 
2 
2 
5. 
h 


plus extended split 
trailing-edge flap 


rf. 
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` TABLE III.- PRESSURE COEFFICIENTS AT NINE SPANWISE STATIONS. OF THE WING. 
М = 0,082; R = 4,000,000; Ta = 0 
(a) ay = 29, ΚΟ, 65, 8°, 109; 129 


| 
Angle of attack ingle of attack 


Angle Gf attack НЕН 
k2 


0.375 2/2 
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TABLE III.- PRESSURE COEFFICIENTS AT NINE SPANWISE STATIONS OF THE WING. 
М = 0.082; R = 4,000,000; Т. = O - Continued 
(а) au = 29, 50, 69, 89, 100, 12° = Concluded 


Upper surface 


if, 


С) 
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TABLE III.- PRESSURE COEFFICIENTS AT NINE SPANWISE STATIONS OF THE WING. 


М = 0.082; R = 1,000,000; Те = O = Continued 


0.375 b/2 


Upper surfece Lower surface 
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} tpt ει a 


- Concluded 


ә, 16° 


14 


) ay = 


(b 


9581853 
ΓΙ 49 4η 


М = 0.082; R = і 


ος гвоооэоооооооооо 
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d TABLE IV.- PRESSURE COEFFICIENTS AT NINE SPANWISE STATIONS OF THE WING. 
М = 0.082; R = 4,000,000; Те = 0.2 
(a) a, = 29; h°, 69, 8°, 10°, 12° 
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TABLE IV.- PRESSURE COEFFICIENTS AT NINE SPANWISE STATIONS OF THE WING. 
М = 0.082; R = 4,000,000; То = 0.2 - Continued c 
(a) au = 29, 40, 69, 89, 109, 12° - Concluded 
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TABLE IV.- PRESSURE COEFFICIENTS AT NINE SPANWISE STATIONS OF THE WING. 
M = 0.082; R = 4,000,000; Т. = 0,2 - Continued 
(b) αι = 14°, 16° 
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TABLE IV.- PRESSURE COEFFICIENTS AT NINE SPANWISE STATIONS OF THE WING. 
M = 0.082; К = 4,000,000; Т. = 0.2 - Concluded 


(b) ay = 140, 16° - Concluded 
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PRESSURE COEFFICIENTS AT NINE SPANWISE STATIONS OF THE WING. 


M = 0.082; R = 4,000,000; То = 0.4 
(a) ai = 29, Во, 6°, 8°, 109, 129 
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TABLE V.- PRESSURE COEFFICIENTS AT NINE SPANWISE STATIONS OF THE WING. 
M = 0.082; R = 4,000,000; Te = 0.4 - Continued 
(а) ay, = 20, 49, 69, 89, 109, 129 - Concluded 
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TABLE V.- PRESSURE COEFFICIENTS AT NINE SPANWISE STATIONS OF THE WING. 
(b) ay = 199, 16° 
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TABLE V.- PRESSURE COEFFICIENTS AT NINE SPANWISE STATIONS OF THE WING. 


М = 0.082; R = 4,000,000; Τα = 0.4 - Concluded 


(b) ay = 110, 16° - Concluded 
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TABLE VI.- PRESSURE COEFFICIENTS AT NINE SPANWISE STATIONS OF THE WING. 
(a) од = 2°, 49, 60, 8°, 109, 12° 
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TABLE VI.- PRESSURE COEFFICIENTS AT NINE SPANWISE STATIONS OF THE WING. 
M = 0.082; R = 4,000,000; T, = 0.6 - Continued 
(а) au = 29, 49, 69, 89, 10°, 12? ~ Concluded 
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TABLE VI.- PRESSURE COEFFICIENTS AT NINE SPANWISE STATIONS OF THE WING. 
М = 0.082; R = 4,000,000; Т. = 0.6 - Continued 
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TABLE VI.- PRESSURE COEFFICIENTS AT NINE SPANWISE STATIONS OF THE WING. 
M = 0.082; R = 1,000,000; То = 0.6 - Concluded 
(b) a, = 14°, 16° - Concluded 
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PRESSURE COEFFICIENTS AT NINE SPANWISE STATIONS OF THE WING. 
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TABLE VII.- PRESSURE COEFFICIENTS AT NINE SPANWISE STATIONS OF THE WING. 
M = 0.082; R = 4,000,000; Te = 0.8 - Continued 
(a) a, = 29, 10, 69, 89, 100, 12° - Concluded 
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TABLE VII.- PRESSURE COEFFICIENTS AT NINE SPANWISE STATIONS OF THE WING. 
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TABLE VIII.- PRESSURE COEFFICIENTS AT NINE SPANWISE STATIONS OF THE WING. 
_ М = 0.80; В = 1,000,000; Te = O 
5 (а) ay = 29, 4°, 6°, 89, 109 
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TABLE VIII.- PRESSURE COEFFICIENTS AT NINE SPANWISE STATIONS OF THE WING. 


М = 0.80; R = 1,000,000; Те = О = Concluded 


(a) ay = 2°, 4°, 6°, 8°, 10° - Concluded 
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TABLE IX.- PRESSURE COEFFICIENTS AT NINE SPANWISE STATIONS OF THE WING. 
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TABLE IX.- PRESSURE COEFFICIENTS АТ NINE SPANWISE STATIONS OF THE WING. 
М = 0.80; R = 1,000,000; T, = 0.0% - Concluded 
(а) a, = 2°, 4°, 69, 8°, 10° - Concluded 
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TABLE X.- PRESSURE COEFFICIENTS AT NINE SPANWISE STATIONS OF THE WING. 
(а) au = 2°, h°, 69, 8? 
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TABLE X.- PRESSURE COEFFICIENTS AT NINE SPANWISE STATIONS OF THE WING. 
M = 0.90; R = 1,000,000; Те = О - Conciuded 
(а) ay = 20, 19, 69, 89 - Concluded 
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TABLE XI.- PRESSURE COEFFICIENTS AT NINE SPANWISE STATIONS OF THE WING. 
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TABLE XII.- PRESSURE COEFFICIENTS AT NINE SPANWISE STATIONS OF THE WING. 
М = 0,082; R = 44,000,000; PROPELLERS REMOVED 
(a) ay = 29. HO. Ao, 89; 109, 129 
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TABLE XII.- PRESSURE COEFFICIENTS AT NINE SPANWISE STATIONS OF THE WING. 
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- TABLE XIII.- PRESSURE COEFFICIENTS AT NINE SPANWISE STATIONS OF THE WING. 
M = 0.080; R = 1,000,000; PROPELLERS REMOVED 
> (а) ay = -29, 09, 29, 40, 69, 89 
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TABLE XIII.- PRESSURE COEFFICIENTS AT NINE SPANWISE STATIONS OF THE WING. 
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М = 0.80; В = 1,000,000; PROPELLERS REMOVED - Continued 
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TABLE XIII.- PRESSURE COEFFICIENTS AT NINE SPANWISE STATIONS OF THE WING. 
M = 0.80; R = 1,000,000; PROPELLERS REMOVED - Continued 
(b) αι = 109, 129, 140, 169, 18°, 20° 


бї 


Uppe 


Angle of attack 


ΓΤ Tq ue paie | T see | πο T ee [s Τ ze [ше | 2. 


0 
e 
о 
0 
ο 
ο 
.0 
о. 


b 


9 
oo 


50 ee L ЖИ NACA ВМ 453129 


TABLE XIII.- PRESSURE COEFFICIENTS AT NINE SPANWISE. STATIONS OF THE WING. 
M = 0.80; R = 1,000,000; PROPELLERS REMOVED - Concluded 
(b) a, = 109, 12°, 149, 16°, 18°, 20° - Concluded 
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TABLE XIV.- PRESSURE COEFFICIENTS AT NINE SPANWISE STATIONS OF THE WING 
M = 0.90; R = 1,000,000; PROPELLERS REMOVED 
(a) Qa = -29, o9, 29, ho, 69, 8° 
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TABLE XIV.- PRESSURE COEFFICIENTS AT NINE SPANWISE STATIONS OF THE WING. 
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М = 0,90; R = 1,000,000; PROPELLERS REMOVED - Continued 
(а) αι = -29, o°, 29, hO, 69, 8° - Concluded ' 
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TABLE XIV.- PRESSURE COEFFICIENTS AT NINE SPANWISE STATIONS OF THE WING. 
: М = 0.90; R = 1,000,000; PROPELLERS REMOVED - Continued 
(b) αι = 107 


Per- Upper surface Lower surface 
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TABLE XIV.- PRESSURE COEFFICIENTS AT NINE SPANWISE STATIONS OF THE WING. 
М = 0,90; R = 1,000,000; PROPELLERS REMOVED - Concluded 
(b) αι = 10° - Concluded 
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TABLE XV.- PRESSURE COEFFICIENTS AT NINE SPANWISE STATIONS OF THE WING. 
M = 0.165; R = 8, 000, 000; PROPELLERS REMOVED 
(а) ag = -20 š o°, 20, 1221692, 85 
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TABLE XV.- PRESSURE COEFFICIENTS AT NINE SPANWISE STATIONS OF THE WING. 
М = 0.165; В = 8,000,000; PROPELLERS REMOVED - Continued 
(а) а, = -29, 09, 29, №9, 69, 89 - Concluded 
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TABLE XV.- PRESSURE COEFFICIENTS AT NINE SPANWISE STATIONS OF THE WING. 
5, М - 0.165; R - 8,000,000; PROPELLERS REMOVED - Continued 


(b) ay = 109, 129, 180, 169, 189, 209 


Pe Upper surface 
Spanwi ge ! 
stations | coat agle of attack nagle of attack 
chord | 109 | i29 | 1 | 16ο | 18 | σοῦ | | 100 | 226 | 14° | απο | 16° | 209 | 
0 -0,25 0.78 
152 -4.56 —2.08 
«0 


0.10 v/2 


^u 
о 


- 
9 ν 5 

ооо 
νο a 


-3.63 
واف‎ 
—2.88 
-2.35 
~2.00 
-1.63 
-.3T 


ағыо|98088%ЖҰ96Б 
осзооооооо 
Hi 
l 


© à = @ 8 
оола 


* 5 э 


πω τας 
осоооооооооо 


58 Gw NACA RM A53129 
$ 


TABLE XV.- PRESSURE COEFFICIENTS AT NINE SPANWISE STATIONS OF THE WING. 
М = 0.165; R = 8,000,000; PROPELLERS REMOVED - Concluded 
(b) αι = 109, 129, 149, 169, 189, 20° - Concluded 
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Ë TABLE XVI.- PRESSURE COEFFICIENTS AT NINE SPANWISE STATIONS OF THE WING. 
M = 0.80; R = 2,000,000; PROPELLERS REMOVED 
А (a) α.. = -20, 00, 29, ho, 69, 8ο 
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TABLE XVI.- PRESSURE COEFFICIENTS AT NINE SPANWISE STATIONS OF THE WING. 
M = 0.80; R = 2,000,000; PROPELLERS REMOVED - Continued 
(а) αι = -29, 00, 29, hO, 60, 89 - Concluded 
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TABLE XVI.- PRESSURE COEFFICIENTS AT NINE SPANWISE STATIONS OF THE WING. 
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TABLE XVI.- PRESSURE COEFFICIENTS AT NINE SPANWISE STATIONS OF THE WING. 
M = 0.80; R = 2,000,000; PROPELLERS REMOVED - Concluded 
(b) αι = 109, 129, 140, 169, 189, 20° . Concluded 
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TABLE XVII.- PRESSURE COEFFICIENTS AT NINE SPANWISE STATIONS OF THE WING. 
M = 0.90; R = 2,000,000; PROPELLERS REMOVED 
(a) Chay = -29, 09; 29, 19, 69, 89 
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TABLE XVII.- PRESSURE COEFFICIENTS АТ NINE SPANWISE STATIONS OF THE WING. 
M = 0.90; R = 2,000,000; PROPELLERS REMOVED - Continued 
(а) αι = -29, 09, 25, 19, 60, 8° - Concluded 
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TABLE XVII.- PRESSURE COEFFICIENTS AT NINE SPANWISE STATIONS OF THE WING. 


д M - 0.90; В - 2,000,000; PROPELLERS REMOVED - Continued 
I (b) a, = 10° 
= pu IU ποστ 
Spaniae | For- E — of ttc [CCC 


0.10 ъ/2 


i 
I 


^ n 


о |888398%954%5Б-хно 
Ф 


но [| 338558851 


. зо 
оэооооомкл 


ЗАВ к 
oooooo 


о [8558885885 8.κµο |88 
OOooooooooQooow 
] 
К: 
| δι 


e LJ * а On 


T 
k 
7.0 
10.0 
15.0 
20.0 
30.0 
0.0 
50.0 
60.0 
το.ο 
80.0 
90.0 
95.0 


NACA RM A53129 


ж 


TABLE XVII.- PRESSURE COEFFICIENTS AT NINE SPANWISE STATIONS OF THE WING. 


M = 0.90; R = 2,000,000; PROPELLERS REMOVED - Concluded 
(b) og = 109 - Concluded 
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TABLE XVIII.- PRESSURE COEFFICIENTS AT NINE SPANWISE STATIONS OF THE WING. 
M = 0.165; R = 8,000,000; PROPELLERS REMOVED - Continued 
(а) ag = -2°, 09, РО, 49, 6°, 8? - Concluded 
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TABLE XVIII.- PRESSURE COEFFICIENTS AT NINE SPANWISE STATIONS OF THE WING. 


ООО; PROPELLERS REMOVED - Continued 
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TABLE XVIII.- PRESSURE COEFFICIENTS AT NINE SPANWISE STATIONS OF THE WING. 
М = 0.165; R = 8,000,000; PROPELLERS REMOVED - Concluded 
(b) a, = 109, 129, 140, 169, 189, 20° - Concluded 
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TABLE XIX.- PRESSURE COEFFICIENTS AT NINE SPANWISE STATIONS OF THE WING. 
Е М = 0.082; В = 4,000,000; PROPELLERS REMOVED 
4 (а) a, = 29, 49, 69, 89, 109, 12? 
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TABLE XIX.- PRESSURE COEFFICIENTS AT NINE SPANWISE STATIONS OF THE WING. 
M = 0.0823 R = 4,000,000; PROPELLERS REMOVED - Continued 
(а) a, = 29, Н, 69, 89, 109, 12° ~ Concluded 
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TABLE XIX.- PRESSURE COEFFICIENTS AT NINE SPANWISE STATIONS OF THE WING. 
: M = 0.082; R = 4,000,000; PROPELLERS REMOVED - Continued 
| | (ъ) αι = 19, 169, 189, 20° 
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PRESSURE COEFFICIENTS AT NINE SPANWISE STATIONS OF THE WING. 
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Figure 1.- Geometry of the model. 
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Figure 1.- Continued. 
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(b) Wing twist and thickness-chord ratio. 
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(c) Location of pressure-orifice stations and details of the four-fence 
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(d) Dimensions of the nacelles. 
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Figure 1.- Continued. 
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Figure 2.- Blade-form curves for the NACA 1.167-(0)(05)-058 and the | 
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Figure 3.- Model mounted in the wind tunnel. 


ашын, MACA DNM Moped 


TTT 


106 МО 


2 


ЕЕ 
[LL LLL LA LLL LLL LL LLLI 


pres ratio, J 


wi | | | | Yt TT ys 
ТЛ 
УЦ 
ТЕЦ pit Vi tit с" 


Thrust axis parallel to the air stream. M = 0.08, R = 4,000,000. 
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Figure 5.- The variation of thrust coefficient with advance ratio for the NACA 1.167-(0)(03)-058 
propeller for several Mach numbers. Thrust axis parallel to the air stream. R = 1,000,000. 
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Figure 6.- A comparison of the chordwise distributions of pressure coefficient at five semispan 
stations of the wing for the wing-fuselage and the wing-fuselage-nacelles configurations. 
M = 0.165, R = 8,000,000. . * ° 
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Figure 6.- Continued. 
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force and section pitching- 
M = 0,165, R = 8,000,000. 


nacelles configurations and their corresponding section normal- 
moment characteristica at nine semispan stations of the wing. 


NACA RM A53L29 


ҮЕГЕ Т AN) 
[|I LLLI TN, 
MENE hake Sees cg ПВ 


-PE-PPRSEH-A REEL 
ag Le SS = 


oection normal force, 


MNC NR 


— —o-— With nacelles, propellers off 


---<--- Without nacelles 
Figure T.- Continued. 


(b) 


12 16 20 (for p=0.10) 


Uncorrected angle of attack, a,, deg 


-y 9 $ оч N Sw Y! 
4) 31U9/244802 8240/-[DUt4/0U 00/1285 


Κάνσας ο 


L6 
[4 


з 1 


— o—— With nacelles, propellers off 
— Without nacelles 


cian 


1 


„4; a 


5: 
ЖЕ 
pesi Sao. 
Ж 
ЖЕР 
ος | | 
rT TALL 


rA 
А 


οταν 


ШІ! 
а η 
TILL 


—- ед 


1, 


Section normal-torce coeff. 

— 

ШЕ 

= 

Aone 

pe Жы 

| 

E 

Ex 

EE 

κ 

ж 

pu 

= 

Ж 

m 

E 


) 2 at 


| mE SAREE LL 
i TTL RH 
ЕА ИЕН 
Н st — 125 πο. Lee 

408 04 0 -04 -08 -/2 (for 770.10} 

Section pitching-moment coefficient, Cm 


T 


Шы 


(с) Section pitching moment. 


Figure T.- Concluded. 
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Figure 8.- The spanwise distribution of cy = as affected by the 
addition of nacelles to the wing-fuselage combination for sev- 
eral angles of attack. M = 0.165, R = 8,000,000. 
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Figure 9.- A comparison of the aerodynamic characteristics of the wing-fuselage and wing-fuselage- 
moment characteristics at.nine semispan stations of the wing. 
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Figure 9.- Continued. 
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Figure 10.- Continued. 


Without nacelles (ref. 3) 


——0—— With nacelles, propellers off 


МАСА RM А53Г29 


РА 
БЕ БЕ ЕЙ ЖЕ БЕ БН БЕ И ШЕ LLLLLI LL 


|| I || Ыл —— 
а а 


) Section pitching moment. 
Figure 10.- Concluded. 


(c 


76 4 0 -04 -08 -/2 -/6 -20 -24 (for y «0./0) 
Section pitching-moment coefficient, Cm 


€ * N S Ὁ etn 5 ἡ Y 
-- 


“Uy 1312144902 8240J-[Du440U UOHIOS 


NTT 


wr Ww 


NACA RM A53L29 


(ref. 1) 


pt tT үү 
БИЕ ШЕГЕ ЕЕЕ 
a ІК 


PE 


(ref. 4 ) 
11440 
SCC SEE 
PET ECE T ET ET 

/2 16 20 


шананававанана 
7) 448912144202 4J/7 


JO 12 . 4 46 48 .20 


04 .06 .08 


O .02 


Pitching-moment coefficient, Cn 


Longitudinal- force | coefficient, Су 


Angle of attack, a, deg 


(а) Lift, longitudinal force, and pitching moment. 


Figure ll.- A comparison of the serodynamic characteristics of the wing-fuselage and wing- 


fuselage-nacelles configurations and their corresponding section normal-force and section 


pitching-moment characteristics at nine semispan atations of the wing. M = 0.86, 


R = 2,000,000, 


NACA RM A53129 


Гү 
HEE απο 


HHRHH EEE 
PT РЕ ЖӨНІН ІШ 
БЕ ШЕ ШЕ See (eee ee. TE: 
IIIIII СОЎ 
ӨТІ NG TNS αριαα 


Figure 11.- Continued, 


— —0— With nacelles, propellers off 
(b) Section normal force. 


------- Without nacelles (ref. 3) 


LLL SI 
шшш ишь. =a 


/2 16 (for 7 =010) 


ΓΕ πῃ 
μπαμ οπως ται 


Uncorrected angle of attack, а,, deg 


-8 -4 0 4 в 


L4 


мә Ὁ «o Ww че 
“2 Т /2///002 8240J-JDU/40U иоц2өс 


МАСА ЕМ A53I29 Mum 


----0---- With nacelles, propellers off 
Without nacelles (ref. 3) 


ENN 
EERE 


IM lll ||| j] 


i n 


γρ L= чел 
παπα. | ыг 


Section pitching-moment coefficient, Cm 


04 0 «x04 -08 -/2 316 -20 (for т 0.10) 


ч 1“ Ι 
UE /08/2///802 82/0/-/DUJ4OU 2017965 


(c) Section pitching moment. 


Figure 11,- Concluded, 


` NACA RM A53I29 


100 
Qu $ pi 
“м 
А = g 
% T: - 
3 = 00 Ὁ € 
aed M 5 8 ° 
I° S ο τῇ «4 
SO οσα. © d 89. 
Š 246 
Ë h 
& Š 254 
^ 8 
PI № 3 |: ii. 
ТҮҮ Ө g 38 
ЕЕЕ аё ᾗ TEF 
ШЕШЕК S Pr EREN" ТТ 
` αἱ πὶ Ῥ 
SÍ. 
ә ы © ὃ 
— ° ж e ο a 
~ QS aa κ a 
ы + с В 8858 
% ~ е + == 
“ % 9 b g + 
ka Мм © d ass 
: ἃὴ нра 
чы ”. тш ш dd 
° © t g Ë 
| 8 884 
э 8 a 4,5 E 
i Š 8 og" 
& . o HBA 
› 5 H 
ie 8-і δ E35 
Ы Ἂν о ы ш 
% Ὁ мч Ф a 
` P CY © G ὃ ὁ 
9 ы Ë opp 
EE И πο ο БЕ БЕ ЖЕ MA "i 8E 
“Р eee $us 
EEE # 5 неа 
ENES ПЕ ЕЛЕНЕ ШЕ uw x HE 
су nj Bav 
Q i+ 
РР ГГ» È Ир 
ч. a 
Exp S] = 2158 
J © : t6 q 
ТЕГЕ ἃ Ч 
ГЇ E Е SETTE eae I ῳ $5 
IIL Б БИ RED ПЫ D B ë Ένα 
ч 9 9 © Y 4 © % Y! D _ 


7) 1u8/2/4/902 4417 


s 


NACA RM A53129 ‚ ЖЕТА 
И 


“ЕЕЕ ыг 
PTT TTT SEY TTT N 


ГЕК‏ ي 
СЕУ Τι‏ 
ее‏ 
зз ЕЕК ΓΙ.‏ 
OLEN LI‏ 
Rg COES TSN TS‏ 
eS COCO TROT CBS‏ 
e s ТТ КГК КГК‏ 
SSFP үгү‏ 
SSCA AN ts‏ 
ss TTT RIN PS‏ 
чанана III TH‏ 
IIIT III‏ 
Г 17181.‏ 
TT PESETT"S s g‏ 
SST TT Eels ἃ‏ 
эн ИП НЕ Б as‏ 
канака‏ 
ш чанар:‏ 
ΓΓΓΓΡΈΕΙα ἃ‏ 
m еы aO‏ | > 


Uncorrected angle of 


1% 1: 
42 1U8/2//802 Ә>гоу-/римои UOLUIBS 


(b) Section normal force. 


Figure 12.- Continued, 


101 


102 із 1-2 с... MM ENT LAL ah NACA RM A53L29 


ПЕ ШЕ ЖЕ ч Ш.Ш ШЕ БЕ ЖЕ ИЕ ЖЕ ШЕП: Ñ 
ТР, DESEE. 
Se Se ee. ЖЕШ ΜΕ ИП] ΒΗ ΚΕ ВН 
[LL LIII | Το ο 
BN Ben а s 


—— With nacelles, propellers off 
-—————— Without nacelles (ref. 3) 
Figure 12,- Concluded, 


) Section pitching moment, 


с 


| 


4.04 О -04 -08 -/2 -!6 ы. 
Section pitching-moment coefficient, ст 


“2 1U8/2/)/002 9270/-/ош4ои UOHIES 


Соне - 


NACA RM A53129 шенсіе 6 103 


Lift coefficient, C, 


КЕЗЕКТЕ ШЕН ЕРЕ οι Ἔτι 
لاا ا کا‎ 
E μὰ == 


mE 


Section normal-force coefficient, Cn 


F 6 ο в .9 1/0 5 6 Z в .9 LO 
Mach number, M 


Figure 13.- The variations with Mach number of the lift coefficient and 
the section normal-force coefficient for several angles of attack of 
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Figure 11.- Continued. 
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Figure 15.- Representative distribution of pressure coefficient for sec- 
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Figure 17.- The effect of increasing thrust coefficient on the chordwise distributions of pres- 
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Figure 18.- Concluded. 
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Figure 20.- The spanwise distribution of cn gz as affected by thrust 
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Figure 22.- The variation with angle of attack of the changes in the lift 
and pitehing-moment coefficients due to increasing thrust coefficient 
and that due to propeller slipstream. M = 0.082, R = 4,000,000. 
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Figure 23.- The effect of increasing thrust coefficient on the serodynamic characteristics of the 
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Figure 23.- Continued. 
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Figure 23.- Concluded. 
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M = 0,80, R = 1,000,000, 


wing-fuselage-nacelles configuration and the corresponding section normal-force and section 


Figure 24,- The effect of increasing thrust coefficient on the aerodynamic characteristics of the 
pitching-moment characteristics at nine semispan stations of the wing. 
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Figure 25.- The effect of increasing thrust coefficient on the aerodynamic characteristics of the 
Wing-fuselage-nacelles configuration and the corresponding section normal-force and section 
pitching-moment characteristics at nine semispan stations of the wing. М = 0.83, R = 1,000,000. D 
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Figure 25.- Concluded. 
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M = 0.90, R = 1,000,000. 


(a) Lift, longitudinal force, and pitching moment. 


wing-fuselage-nacelles configuration and the corresponding section normal-force and section 


pitching-moment characteristics at nine semispan stations of the wing. 


Figure 26,- The effect of increasing thruat coefficient on the aerodynamic characteristics of the 
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Figure 26,- Continued. 
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(c) Section pitching moment. 
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Figure 27.- The effect of thrust coefficient on the chordwise distributions of pressure coeffi- 
cient at five semispan stations of the wing. М = 0.80, R = 1,000,000. 
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Figure 28.- The effect of thrust coefficient on the spanwise distribution 


of cp Ê. for three angles of attack. М = 0.80, В = 1,000,000. 
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